To clarify the instability of the ferrimagnetism which is the fundamental magnetism of ferrite, numericaldiagonalization study is carried out for the two-dimensional S = 1/2 Heisenberg antiferromagnet with frustration. We find that the ferrimagnetic ground state has the spontaneous magnetization in small frustration; due to a frustrating interaction above a specific strength, the spontaneous magnetization discontinuously vanishes so that the ferrimagnetic state appears only under some magnetic fields. We also find that, when the interaction is increased further, the ferrimagnetism disappears even under magnetic field.
Instability of a ferrimagnetic state of a frustrated S = 1/2 Heisenberg antiferromagnet in two dimensions
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due to a frustrating interaction above a specific strength, the spontaneous magnetization discontinuously vanishes so that the ferrimagnetic state appears only under some magnetic fields. We also find that, when the interaction is increased further, the ferrimagnetism disappears even under magnetic field.
Ferrite is a magnetic material that is indispensable in modern society. It is because this material is used in various industrial products including motors, generators, speakers, powder for magnetic recording, and magnetic heads etc. It is widely known that fundamental magnetism of the ferrite is ferrimagnetism. [1] [2] [3] [4] The ferrimagnetism is an important phenomenon that has both ferromagnetic nature and antiferromagnetic nature at the same time. only a single spin within a unit cell.
7, 8)
The antiferromagnet on the Lieb lattice illustrated in Fig. 1 Under circumstances, the purpose of this study is to demonstrate the existence of a different behavior of collapsing ferrimagnetism in the case of an S = 1/2 Heisenberg antiferromagnet on the lattice shown in Fig. 1 to answer the above question. When the antiferromagnetic interactions denoted by the red bonds vanish, the system is unfrustrated and thus it certainly shows ferrimagnetism in the ground state. In this study, we examine the case when the red-bond interactions are switched on.
The model Hamiltonian examined in this study is given by H = H 0 +H Zeeman , where
Here S i denotes an S = 1/2 spin operator at site i. Sublattices α, α ′ , and β and the network of antiferromagnetic interactions J 1 and J 2 are depicted in Fig. 1 . Here, we consider the case of isotropic interactions. The system size is denoted by N s . Energies are measured in units of J 1 ; thus, we take J 1 = 1 hereafter. We examine the properties of this model in the range of J 2 /J 1 > 0. Note that, in the case of J 2 = 0, sublattices α and α ′ are combined into a single sublattice; the system satisfies the above conditions of the MLM theorem. Thus, ferrimagnetism of the LM type is exactly realized in this case. In the limit of J 2 /J 1 → ∞, on the other hand, the lattice of the system is reduced to a trivial system composed of isolated S = 1/2 spins and isolated dimers of two spins.
Its ground state is clearly different from the state of the LM-type ferrimagnetism in the case of J 2 = 0. One thus finds that while J 2 becomes larger, the ground state of this system will change from the ferrimagnetic one in the case of J 2 = 0 to another state, which we survey here.
Next, we discuss the method we use here, which is numerical diagonalization based on the Lanczos algorithm.
11) It is known that this method is nonbiased beyond any approximations and reliable for many-body problems, which are not only localized spin systems such as the Heisenberg model 12, 13) treated in th present study but also strongly correlated electron systems including the Hubbard model [14] [15] [16] and the t-J model.
14, 17, 18)
A disadvantage of this method is that the available system sizes are limited to being small. Actually, the available sizes in this method are much smaller than those of the quantum Monte Carlo simulation 19, 20) and the density matrix renormalization group calculation; 21) however, it is difficult to apply both methods to a two-dimensional (2D) frustrated system like the present model. This disadvantage comes from the fact that the dimension of the matrix grows exponentially with respect to the system size. In this study, we treat the finite-size clusters depicted in Fig. 1 Some of Lanczos diagonalizations have been carried out using the MPI-parallelized code, which was originally developed in the study of Haldane gaps. 22) Note here that our program was effectively used in large-scale parallelized calculations.
23-25)
To obtain the magnetization process for a finite-size system, one finds the magnetization increase from M to M + 1 at the field
under the condition that the lowest-energy state with the magnetization M and that with M + 1 become the ground state in specific magnetic fields. Note here that it often happens that the lowest-energy state with the magnetization M does not become the ground state in any field. The magnetization process in this case is determined around the magnetization M by the Maxwell construction.
26, 27)
Now, we observe the case of J 2 /J 1 = 0.55; results are shown in Fig. 2 . Figure 2 To examine the properties of the m = 1/3 states in a more detailed way, we evaluate the local magnetization defined as observed when the kagome-lattice antiferromagnet [31] [32] [33] [34] [35] [36] [37] is distorted in the
type. 25, 38) The relationship between these models should be examined in future studies.
Note also that, in the present model, the change around the transition point seems continuous irrespective of whether the system size is N s = 24 or 30. This aspect is different from the observation in the Cairo-pentagon-lattice antiferromagnet, 28, 29) where the change around the transition point seems continuous for N s = 24 but discontinuous for N s = 30. We speculate that whether the change is continuous or discontinuous in finite-size data is related to whether the number of unit cells in finite-size clusters is an even integer or an odd integer. To confirm this speculation, further investigations are required in future. It will be an unresolved question whether the transition is continuous or discontinuous in the thermodynamic limit. Research, Tohoku University, for their continuous support of the SR16000 supercomputing facilities.
